Based on a query and on a literature review, the population trends of Finnish Lepidoptera since Kaisila's (1962) thorough overview are analysed. Changes in the belt of three coastal biogeographical provinces (V-EK) show significant correlations with those in three inland provinces (St-ES). Furthermore, positive trends in these belts are reflected as new provincial finds north of them. The spatial synchrony is supposedly caused by spatially correlated climatic conditions. This is supported by evidence of synchronous trends in species grouped according to their overwintering stages (Marttila 1991 , Bruun 1992. The increased migration rate, indicated by the new provincial finds, is probably a consequence of high population densities, and does not explain the synchrony itself. Kaisila' s division into expansive and fluctuant species is considered to be a historical rather than a biological characterization. During the 19th century, the reporting of new lepidopteran species was delayed by about 50 years if they were night-active vs. day-active. The low numbers of observers and slow development of collecting methods have caused further analytical uncertainties. Some of Kaisila' s expansive species may actually have been inhabitants of Finland for long periods of time. At present, drainage of peatlands and overgrowth of meadows are the most adverse environmental changes causing a decline of lepidopterans, particularly of the butterflies. Increase of bushiness and reeds appear to have positively affected many geometrid and noctuid species. The high incidence of new provincial finds and of species new to the country in the 1990s as well as positive trends in lateautumn and early-spring species supposedly reflect the ongoing climatic change. The Finnish lepidopteran fauna is undergoing a dynamic phase: around 30 recent invaders and 40 older expansive species are spreading, while fewer are retreating; the declining species are mainly habitat specialists while the expansive ones are generalists, mainly feeding on bushes and trees. Fewer expansions are evident among micro-than macrolepidopterans.
1. Introduction
Historical aspects and the present article
Our knowledge of the faunal history of Finnish Lepidoptera is strongly limited by the Turku Fire of 1827. The library and the collections of the University of Turku (Academia Aboensis) were totally devastated. A small collection of mainly microlepidoptera (Coil. Caloander) was saved from the flames, but nothing of the main collection. Kaisila (1962) gave a sad account of the disastrous consequences of the fire for Finnish lepidopterology. The results of an 80-year tradition were entirely destroyed. The national collection had been the main tool for identifying butterflies and moths; after the fire no such materials or literature were available for comparison, and most manuscripts had been destroyed. It required 20-30 years before serious lepidopterological research could again be conducted.
The Turku Fire still causes problems, since it did not only interrupt the research being conducted at the time, but also resulted in the disappearance of all previous material. To trace the 18th century lepidopteran fauna of Finland, we now have only a few Finnish specimens in the collections of Linnaeus and Clerck, and we have the insect catalogues from Oulu by Julin (1791 Julin ( -1800 and the catalogue of Finnish sphingids and bombycoids by Sahlberg (1819) , but very little material concerning faunal changes. Kaisila (1962) produced a monumental work in analysing the expansions and immigrations of Lepidoptera into Finland during . Of the neighbouring areas, he included the Leningrad Oblast (Ingermanland) and Russian Karelia (Olonets), as well as all three Baltic countries. He treated the southern and southeastern species found in Finland after Tengstrom's (1869) list, and added some migrant and expansive species already reported by Tengstrom. Unfortunately, he left the south western species, many of them published in a supplement by Valle (1946) , to be treated by a colleague; later Kaisila (1968) published a brief account of them and other recent new species.
The main idea of Kaisila (1962) was apparently that by comparing the list of Tengstrom (1869) with the recent situation, he could separate the basic, local species pool; the new species found after Tengstrom would mainly be expansive and migrant species.
The present article treats the 36 years since Kaisila' s study period. The main task is to follow up on the occurrence of the species treated by him, to determine whether it remains possible to divide them into expansive and fluctuant species and to examine the expansions with respect to environmental changes and global climate change. Other species were added from the observer lists and from recent faunistic literature; in a separate section, the species found as new to the country during 1961-1996 are treated. In the original query, some microlepidopteran species were included, but, since the data were much poorer than those of macrolepidopterans, they were abandoned. The micros are only briefly treated based on discussions with several specialists.
The variation in wavelength of the fluctuations is a largely unknown parameter, particularly in the long-wave end of it. Warnecke (1961) considered that if a species remains in its newly invaded area for 50 years, with stable or increasing population density, a true expansion (Arealerweiterung) has occurred. Heinicke (1980) examined a 120-year period and decided that if a species has no longer been observed throughout a 50-year period, it can be considered as disappeared. In the Finnish Red Data Book (Rassi et al. 1986) , only those species are treated as disappeared in which the disappearance has occurred after 1850 and where no encounters have been noted after 1960. Some examples of the "wavelength" are given in Section 3.3.
To be able to discriminate between fluctuation and expansion, I have attempted to consider a considerably longer period: the criterion for a true expansion should be that the species has probably not inhabited the study area (here: Finland) during the most recent 250 years. For historical reasons we cannot have data from more remote periods. As shown in the Introduction, many cases remain obscure within this period, although it may be possible to use some indirect indications.
The differing numbers of observers and variation of methods cause further difficulties in attempts to compare different periods. Kaisila (1962) noted that inland distributions are often unclear, due to the scarcity of observers. With respect to single species, he also wrote many notes on the effects of the revolutionary method introduced during the early 1950s to Finland: nightcollecting with mercury-vapour and blended lamps. Unfortunately, he attempted to perform total analysis neither of this effect nor of an earlier one, on the introduction of sugaring during the 2nd half of the 19th century to catch noctuids.
Old Swedish notes on migrant, expansive and fluctuant species
Some information on the long-term behaviour of species in Northern Europe can be gained from the oldest Swedish observations available, which were actually not treated by Kaisila (1962) . The following migrants are reported on the first Swedish list of Lepidoptera by Linnaeus (1739) , comprising 87 species (interpretation of identities : Ander 1944) : Pieris brassicae (Linnaeus) , P. rapae (Linnaeus) , Nymphalis polychloros (Linnaeus), Inachis io (Linnaeus) , Vanessa atalanta (Linnaeus) , V. cardui (Linnaeus) andAutographa gamma (Linnaeus) . In comparison to this relatively exhaustive treatment of migrants, Linnaeus mentions few species today considered expansive or fluctuant: Aporia crataegi (Linnaeus) , Issoria lathonia, Maniola jurtina, Tyria jacobaeae and Noctua pronuba.
In his Fauna Suecica, Linnaeus (1746, 1761) added two migrants, Colias hyale (Linnaeus) and Macroglossum stellatarum (Linnaeus) , to the Swedish list, while of the expansive and fluctuant species he noted Stauropusfagi, Cucullia verbasci (Linnaeus), C. absinthii (Linnaeus) and Ourapteryx sambucaria. In Dalman's l816list of Swedish Lepidoptera, the migrant sphingids Acherontia atropos andAgrius convolvuli (Linnaeus) are present but the former was probably found already in the Linnaean time, although later than 1761. Of the expansive and fluctuant species, Lopinga achine was reported from Sweden during the 1820s by Billberg and Callimorpha dominula (Linnaeus) and Amphipyra pe rflua in 1838-1840 by Zetterstedt (Ander 1944) . The migrant noctuid Schinia scutosa (D. & S.) was found during the mid-1800s, while the migrant sphingids, Hyles euphorbiae (Linnaeus) , H. lineata (Fabricius) and Daphnis nerii (Linnaeus) , were reported from Sweden until1886 (Ander 1944) , i.e. within Kaisila' s study period.
The late 18th/early 19th century collections in Uppsala, Sweden, ofGyllenhal and Thunberg, include some specimens of interest from the standpoint of the present article: Cleorodes lichenarius (Hufnagel) 4 exx., A leis jubatus 1 9, Autographa buraetica (Staudinger) 2 exx. [thus, the expansive character of this species suggested by Kerppola and Mikkola (1987) does not hold], Amphipyra berbera Rungs 2 exx. and Xanthia aurago (D. & S.). Two very old specimens of Rhyparia purpurata are not necessarily Swedish in origin. Early specimens exist of two species described and named many years later, Spaelotis clandestina and Xestia sincera (Herrich-Schaffer), which in the present study showed local increasing trends (for the former, see Table 5 , but note the new knowledge of its collecting; the value of the latter was+ 3). Linnaeus (1758) described Phalaeana celsia from Uppsala, honoring his teacher, Professor 0. Celsius (see Linnaeus 1746) . But how could Staurophora celsia occur then in Uppsala, when it expanded vigorously into Finland 200 years later, after the mid-1930s? It clearly arrived via the Aland Islands, i.e. from Sweden. Either of two possibilities may account for the discrepancy: ( 1) the old Swedish species really managed to cross the Aland Sea only in the 1930s, or (2) it was also present in 18th century Finland as a well-known Linnaean species but later vanished. Such events may well occur: Linnaeus (1758) described Trichosea ludifica (Linnaeus) most probably from Sweden; it was also observed in Sweden during the early 1800s and for the last time in 1856 (Ander 1945) . In Finland it has been known as a stationary but scarce species since the first find in Southern Ostrobothnia during the mid-1800s.
Nothing suggests that the migrations of the 18th century would have differed from the recent migrations. In contrast, Linnaeus detected migrating species roughly in the expected order. Even the late appearance of Agrius convolvuli in Sweden may be expected, since the main host plant, Convolvulus arvensis, was not as widely spread as at later times (S. Vuokko pers. comm.). In Finland A. convolvuli was found for the first time only in 1905, but from the Baltic countries it was reported already in 1791, and from the St. Petersburg area in 1849. In comparison to the relatively complete list of migrants, few observations are available from the wide spectrum of recent expansive and fluctuant species, suggesting that a Table 1 . Mean year of the 1st appearance of some species treated by Kaisila (1962) in the Baltic area, lngermanland and Finland combined. considerable number of these species probably are new to the Nordic countries.
1.4. What do the years of appearance in the Baltic area tell us? Kaisila (1962) carefully gives the year of first find and/or publication of each species in the Baltic area, the present Leningrad area (his Ingermanland), Russian Karelia (Olonets) and Finland (he used the prewar area; I use the present one). For various groups of Lepidoptera, the first years from the Baltic area, lngermanland and Finland were collected and their means and standard deviations were counted (Table 1 ; the data from Olonets are too sporadic). The groups of noctuids and geometrids were chosen according to the year of occurrence in Finland: those species observed here latest in 1885 were included.
The probabilities of various lepidopterans becoming observed have thus been uneven. This is clearly revealed despite the often different timing of the first observations in various geographic areas; roughly half the species have been observed about 30 years later in Finland than in the other areas, resulting in relatively large standard deviations. As expected, daytime habits and large or coloulful appearance (easier determination) have in the past affected the years of first observation. The normal noctuids and geometrids were observed on average about 50 years later than the daytime migrants (ANOVA, F=55.9, P<0.001). All 3 sphingids are rare, explaining why they appeared relatively late.
The most interesting detail in the above note refers to the early and expected appearance of migrants in Sweden. In Group 4, the exclusively nocturnal migrant Agrotis ipsilon (Hufnagel) (X = 1845 ± 4 years; N = 3) does not differ from the others, while Nomophila noctuella (D. & S.) was observed still later (X= 1867 ± 19 years; N = 3).
These two species are undoubtedly migrants for ever.
If it is considered that Agrotis ipsilon has shown the same behaviour throughout historical times, it forms an indicator of the probability that a normal night-active noctuid would become observed. In other words, A. ipsilon was present at the time when day-active migrants were observed but due to its nocturnal habits it was only observed about 40 years later. Kaisila (1962: diagr. 2) himself noted that in the 2nd half of the 19th century, the noctuids dominated the statistics of species new to the country. This undoubtedly occurred due to use of the new collecting methods, sugaring and collecting from honeydew. It appears that many species which had lived a cryptic life in the country were only then discovered. The very few pre-Tengstrom collectors using more or less casual methods had not detected them. Progression of the finds from southeast to northeast or from the coasts to the inland may in many cases have described the history of collecting and not expansions of the respective species. Kaisila (1962) With respect to collecting methods, the period 1961-1996 is relatively uniform, although the use of automatic light (Karvonen et al. 1979) and bait traps has steeply increased during the period. In 1964, more than 100 moth lamps were used every night in Finland (Mikkola & Salmensuu 1965) , but few of these were traps. The change might be less significant from the mid-1970s to the present; the number of light traps and lamps used every night is certainly several hundred, while the number of bait traps might be even larger. A feature concomitant with the large number of traps has been that a number of them are used throughout the season along the southern coastline or in the outer archipelagoes. The consequence has been that migrants and irruptive species have been more effectively observed than in earlier decades (Karvonen et al. 1979 ).
Climatic and environmental changes in Finland
Expansions and retreats of species are apparently affected by three groups of factors:
1. Variations in climate. 2. Changes in the environments, and 3. Intra-and interspecific factors. Kaisila ( 1962) emphasized climatic factors and explained the expansions by the so-called ikosaionic (20th century) amelioration. The climatically most favourable periods and most expansions occurred during the 1910s and 1930s, but many expansions also occurred during the early 1950s (but note the effect of the introduction of mercury-vapour and blended lamps).
In the northern latitudes, global warming (IPCC 1996) is a factor that very probably promotes expansions. Instability increases, however, with the warming; e.g. winter periods without snow, long and wet autumn seasons and extended cool and wet periods in the summer are disadvantageous for most Lepidoptera. Mikkola (1987: fig. 1 ) analysed the factors threatening insects, other animals and plants presented by Rassi et al. (1986) . He showed that, with the exception of bodies of waters, the lepidopterans and plants are threatened by similar factors:
1. The overgrowth of meadows by scrub and forest, 2-3. Species composition of trees/forestry and building activity, and 4-5. Drainage of peatlands and collecting.
Changes in agriculture thus gravely threaten butterflies and moths, the most important single action being the cessation of forest grazing by cows, horses and sheep; in 1938, 46% of the forests were still being grazed. Overgrowth of dry meadows has been detrimental for many butterfly species, and deep-draining is another factor making the environments less diverse. For some species, however, the changes may have been positive. Without cattle, overgrowth of scrub, saplings and reeds occurs; this may be referred to as "Bush-Finland".
A decrease in the proportion of old forests may particularly affect the Xestia moths in northern Finland. Only 1.6% of all forests are more than 140 years old in southern Finland but 19.3% in northern Finland (Sevola 1996) . In forestry, it is peatland draining which has caused the most widespread decline in the Finnish lepidopteran fauna. Until1992, 74.9% of peatlands in the south and 38.3% in the north had been ditched. In the south, many peatland butterflies have disappeared over wide areas, as has also been noted in the query (Table SB) .
By intra-specific I particularly denote acclimatization, slow genetic adaptation to the local, mostly suboptimal climatic conditions. Theoretically, if the climate would remain stable, most species of Lepidoptera would slowly spread northward. Other intra reasons causing population changes include predators, parasitoids and microbes.
Material and methods
The main aim here is to revisit Kaisila's (1962) species pool, examine what his expansive species and fluctuants have done during the period 1961-1995(-1996 , scattered notes from 1997) and determine how this corresponds with his results of 1869-1960; however, the migrants and irruptive species are in general not treated. Geometrids of the genera Apocheima, Colotois, Erannis and Agriopis are included; at least the autumn fliers of these often undertake migratory flights, apparently with expansive results. On the other hand, the well-known migrant lnachis io was excluded, but has remained in Finland since 1972. By virtue of treating Kaisila's species, data on other faunal events during the period 1961 -1996 were collected.
A questionnaire was sent to members of the Finnish Lepidopterological Society with a list of 104 expansive or fluctuant species treated by Kaisila (1962) , asking the occurrence of these species during the period 1961 -1995 (additional data collected for 1996) in each collecting locality; information on other newcomers/declining species was also asked. The following symbols were used, preferably with years:+ (species increased),= (stable), -(declined), 0 (not encountered) and ? (not known). Answers were received from 321ocalities from the following biogeographical provinces ( Fig. 1) : V2, U6, EKS, St2, EH 10, ES4, EP l, PK 1 and Kn l. In the treatment, the 3 southernmost provinces, V-EK (13 localities), were combined to form the coast and the next 3, St-ES (16localities), to form the inland. From ~ore northern provinces, only newcomer finds were examined. Kaisila ( 1962: fig. 5 ) chose from his material 58 of the most important expansive species [of these, 2 microlepidopterans (see Introduction) and Catocala nupta (Linnaeus) as partial migrant and Eupithecia pernotata Guenee as a local subspecies were omitted] and 14 fluctuants (his fig. 6 ). This species pool is the main subject for the present study.
The results for each species from the coastal and inland provinces were treated with the formula (for the symbols, see above):
Thus, increases and declines have been empasized, and the significance of stability is less than that of zero-values. Relatively few question marks occmTed and were omitted; the suggestions were accepted as such. The results denote by +1-the tendency toward increases/declines; the larger the value the more unanimity in the material. Species not treated by Kaisila (1962) but which increased or decreased according to the query or to the recent literature (see next paragraph) are presented in Table 5 . Those species receiving, after deletion of +1-pairs, at least five marks in the same direction(+ or-) are included. By chance, 24 species are present on both lists.
The following published sources were examined: 10 local faunas (Ahola etal. 1983 , von Bonsdorff 1985 , Hublin & Savolainen 1985 , Suomalainen 1987 , Jlirventausta et al. 1988 , Martikainen & Seuranen 1988 , Kontiokari 1989 , Bruun 1992 , Leinonen 1993 , Kangas 1994 , circulars of the Finnish Lepidopterological Society (1961 Society ( -1975 and (since 1976) the journal Baptria (yearly reports by S. Repo orRepo & J. Kullberg) , and (until1986) the journal Notulae Entomologicae as well as other relevant literature from the period 1961 -1996 (smaller scientific reports are not cited separately). Yearly reports from Sweden, Denmark and Estonia were also studied (see Table 7 ). The declining, endangered and protected species treated by Rassi et al. (1986 Rassi et al. ( , 1992 in the Finnish Red Data Books are not treated here , except for those species included in the query and except for a comparison between increases and decreases (Section 4.3.).
Results

Species of Kaisila (1962) during the period 1961-1995
Kaisila' s groups of expansive and fluctuant species were strongly heterogeneous, but the results allow some inferences. The mean of the expansive species from the coast is + 4.3 and from the inland+ 2.1 (from 13 and 16localities, respectively). Thus, the coastal localities showed mean values of about two +-marks and the inland localities of one mark (the formula doubles the result). The explanation for the difference is probably trivial:
several species are present which do not occur regularly in the inland localities, resulting in more unencountered species and, thus, in lower totals. A similar tendency is seen in the fluctuants: coastal+ 1.4 and inland-0.07. As expected, more expansions seem to occur among the expansive species (Table 2 : positive values in 30/53 species) than among the fluctuants (Table 3: 6/14 ), but the difference is not significant. Kaisila (1962: fig. 6 ) . For explanations, see Table 2 .
V-EK
Colotois pennaria (L.) + 15.5 Noctua pronuba (L.) + 12.5 Archanara dissoluta (Tr.)
-2 Argynnis paphia (L.) -5.5 Calliteara pudibunda (L.) -6 Eilema depressum (Esp.) -9 Rhyparia purpurata (L.) -13 Trachea atriplicis (L.) -13
St-ES
+ 22.5 + 13.5 +8 -3 -8 -7.5 -1.5 + 1 -3.5 -6.5 -9 -5.5 -13 -13
New provincial finds Kaisila (1962) The distribution of new provincial finds between the +1-groups is even more differential than in Table 2 , 108/7 ( Kaisila (1962) , but not present in his figs. 5-6, which have recently been strongly expansive. For explanations, see Table 2 . In the footnote, a brief distributional history for each species is given (additional species from this group mentioned in the text). fig. 1 ). 2 l Recorded as new to Finland in 1957, C. chardinyi was found singly during the early 1960s on the southern coast (these were probably windborne specimens), but it simultaneously became established in southeastern Finland and began a rapid expansion westwards. During the 1980s, it became locally abundant in the inland provinces, and in the 1990s also in southwestern Finland.
V-EK St-ES
3 l New to present-day Finland, A. scolopacina was recorded only in 1966 [Kaisila (1962) included it from the Karelian Isthmus]. It is now widespread in the coastal areas, but is also becoming increasingly common inland.
•l M. literosa was already recorded in 1915 on the southern coast and the present expansion mainly concerns inland provinces and the western coast. (L.) Mamestra brassicae (L.) 11 (9/2) PP-69 9 (7/2) Ks-61 (Hb.) Eupithecia cauchiata (Dup.) western Estonia, and 4 others from the direction of the Aland Islands, e.g. Peribatodes secundarius.
6. Seven wetland species, one of which has been mainly windborne (Archanara geminipuncta; a local population detected only in 1997). 8. Three species are boreal (Lasionycta skraelingia, Polia conspicua andXestia brunneopicta); all are native but, if any, the last-mentioned may have recently spread from the east.
Around one third, or 26 of the new species, have been encountered only once in the country (symbol 0), most of these expectedly detected only recently. Of 24 additional species a few more specimens have been found (M), and 15 additional species are considered as more or less unstable rarities (R). Ten species are expanding (E) and 2 behave as fluctuants (F); all these have been found latest in the 1970s. Three northern species seem to have stationary populations.
Some of the most recent expansions have come from the direction of the Aland Islands and Sweden. Peribatodes secundarius (D. & S.) was first found in 197 5 in the southwestern archipelago, at V: Houtskar, and the following year at the Aland Islands where it was collected in substantial numbers in the 1980s. The extreme points are already on the western coast in St: Ahlainen, inland in EH: Orivesi and midway on the southern coast at U: Porvoo. Within ten years it will probably be a common species throughout the whole of southern Finland. Campaea margaritata (Linnaeus) has expanded with similar rapidity, although it was first recorded atA: Mariehamn, already in 1939. It was discovered in the province Vin 1983 and U in 1988 and has shown massive outbreaks on some islands. The furthest points are at St: Reposaari (1993) and U: Porkkala (1996) , while that from EH: Valkeakoski (1993) may have been of an irruptive moth.
In this context, a subspecies new to Finland should be mentioned. Chloroclystis v-ata (Haworth) has been known from Finland as a local population at V: Karjalohja, considered as a relict from earlier warmer periods and described as a new subspecies, ssp. relicta, by Krogerus (1996) . The nominate subspecies was encountered for the first time in Finland in 1985 at U: Sipoo, possibly a windborne specimen, however, at least two observations are known from A: Lemland since 1992.
It is feared that this expansive subspecies, the legal protection of which has been cancelled in 1997, will replace and annihilate the local subspecies by hybridization (Krogerus 1996) . In most cases, subspecies described from the Baltic area are well isolated from the nominate subspecies; those of Eupithecia pernotata enictata Pellmyr & Mikkola, 1985 and Chersotis andereggii arcana Mikkola, 1987 occur in the Alps.
Three noctuid and one butterfly species probably spread from the Aland Islands already in the sixties: Orthosia cerasi (reached EH in 1994), 0. cruda, Agrochola macilentus (EK-94) and Quercusia quercus (Linnaeus) . They were originally known from Aland only, but are now widespread on the southern coast. Xanthia aura go was found in Aland only in 1965 and was recorded at Discoloxia blomeri and Apamea scolopacina, which were recorded as new to Finland in 1966, are now widespread in southern Finland. Amphipyra perflua has been still more efficient in its increase (see Table 4 ); it has simultaneously widened its habitats, first from the best luxuriant deciduous forests (Mikkola 1966) to gardens etc., and then to normal mixed forests and even to peatbog margins.
The noctuid Euchalcia modestoides has been found, after its first find in Helsinki in 1970, mainly in a remarkably small area in mid-southern Finland: Porvoo-Askola-Vihti. The first record of Paradarisa consonaria was made at EK: Vehkalahti in 1960, and the species has spread along the coast westward to V: Nauvo (1985) . Habrosyne pyritoides appears to be still more tightly bound to the sea belt: its first record is from Helsinki in 1965 but it is known to occur throughout a line from the Aland Islands (Sottunga) to EK: Pyhtaa. Found first in EK: Tammio in 1962, Ourapteryx sambucaria spread clearly from the southeast and at present occurs in the southeast also deeply inland (ES: Savonlinna, PK: Kitee) but in the west mainly along the coast, and was found in 1993 as new to the Aland Islands.
Recently for the first time a butterfly, Araschnia Levana, has been spreading to Finland, both from the southeast and the south. The species was first observed at EK: Lappeenranta in 1973, but its first local population was detected ten years later at PK: Ilomantsi. In 1992, it had spread to Tohmajarvi and Vartsilli in the east and was for the first time observed in the south, in Helsinki and U: Kirkkonummi (4 exx.). In 1993 and 1996 the species has been observed near U: Porvoo and at V: Hiittinen. The status of Lycaena dispar, a legally protected species, is unclear; it was first observed at two localities in the southeast in 1972, and the first population was detected inl975. The population did well until the early 1980s but then declined-probably due to an adverse change in habitat-and the last specimens in that area were seen in 1988; in 1996 the species was again seen in the southeast. /phiclides podalirius is probably solely a migrant; after the initial discovery in 1984 some specimens have been seen in the mid-1990s and in 1997.
Not all expansions proceed directly to the north, northeast or northwest. An entire group of species exists that was decades ago encountered exclusively inland; of these, the following are listed in Table 5 : Venusia cambrica, Cerastis leucographa (these two were already mentioned by Kaisila 1962: 389) , Anticlea derivata and Ennomos autumnarius. Other northern species that come down to the southern coast include Chloroclysta infuscara (Tengstrom) (occurring also outside peatbogs), Nola karelica (e.g., outer skerries off Porvoo in 1961; new to Helsinki in 1981) and Autographa macrogamma (Eversmann) (new to A 1984) . Blepharita arnica (Treitschke) has mainly spread westward along the southern coast (V 1985) but has recently been found in the provinces EH (1996) and Kn (1995).
On the time scale of population changes
The expansions and increases are, of course, not always steady and continuous, but there may occur long regressive periods, and the species may be absent for years. Some species treated by Kaisila (1962) [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] , and appears to be recovering in the 1990s. Polypogon luna/is also appears to be returning: it was found in A in 1993 and at V: Lohja in 1996 (but at V: Dragsfjard it has occurred steadily).
During the period 1961-1996, Xestia sexstrigata made a strong expansion but, mainly in the south, has experienced a regression since the late 1970s (see Fernelius 1981: fig. 1 (Linnaeus) appeared to be totally absent during the early 1990s and Aglais urticae quite infrequent in the late 1980s: according to rumors, the latter regression extended to Voronezh in southern Russia. One of the longest recent absences was recorded for the geometrid Scapula decorata (D. & S.), already considered extinct in Finland: the last specimen from the continent was collected in 1965, and from V: Hiittinen, Oro in 1971, until it was rediscovered in the latter locality in 1996 (Kullberg 1997) . Similarly, Agriopis aurantiaria was not, as far as is known, found in the Helsinki area during the period 1939-1969, nor Ennomos autumnarius in the decades before 1966.
U rbahn ( 1971) emphasized that Opigena polygona may be absent for decades. Since it was new for the province PPe in 1969, it has been found only sporadically on the southern coast until a few moths were observed in 1996. In Denmark the species was not observed between 1942 and 1970, was common during the 1980s, but in 1992 only 3 specimens were observed in the country.
In some cases, it appears that expansion by a new species would result in an earlier common species becoming rare, which probably occurred withAmphipyra tragopoginis (Clerck) andAmphipyra peiflua. The common tortricid of dry meadows in southeastern Finland,Aethes tesserana (D. & S.) appears to have disappeared while therelated Cochylis hybridella (Hubner) has become more common. Such cases should not, however, be taken as straightforward examples of interspecific relations because it is possible that climatological changes favourable to one species are simultaneously disadvantageous for the other. Ahola et al. (1983) provided interesting data on short-term variations, first stating that many species show maximal years that exceed the average frequency 5-12-fold and are usually followed by a deep crash; usually only one such year per species was included in their study period of 1969-1982 (when all specimens were counted from a number oflighttraps ). Of the species treated by Kaisila (1962) , Gymnoscelis rufifasciata showed a 12-fold increase in 1973, and Perizoma sagittatum a 5-fold increase in 1982; Amphipyra tragopoginis attained a 5-fold increase in 1970 (the curve of Fernelius, 1981: fig. 1 , also showed a high frequency for that time).
Furthermore, Ahola et al. ( 1983) listed (three primitive moths left away) 63 species in an increasing phase and 63 species in a declining phase during four final years, 1979-1982 of their study, resulting in an opportunity to estimate how far a four-year course may reflect expansions andregressions. The lists of species increasing/decreasing at EH: Koski were compared with the data collected for the period 1961-1995 (where possible, with the inland results), and the species coinciding with the score for the longer period were listed separately. The statistics is as follows:
Of63 increasing species 12 (19.0%) coincided with the long-term score.
Of63 decreasing species 9 (14.3%) coincided with the long-term score.
Total: For 126 species, 21 (16.7%) "correct" scores.
Although many uncertainties occur in the details of this comparison, I cannot see any reason why the general result would not hold: only about one sixth of the 4-year trends inside a 14-year study coincide with the long-term ones from a wider geographical area. This would mean that the results from Koski mostly denote local population fluctuations that are not necessarily synchronized over wide areas. This is why studies such as that by Heikinheimo (1981) covering 8 years from EH: Janakkala and 6 years from U: Vantaa are oflimited use when long-term changes are analysed. On the other hand, of Heikinheimo' s 9 species new to the localities, 8 are treated as expansive in this paper, Hillia iris (Zetterstedt) being the only "extra" species.
Parallel phenomena in neighbouring countries
As shown in Table 7 , many expansions take place synchronously or successively in Finland and Sweden, and some can be traced to Denmark. Peribatodes secundarius and Chloroclystis v-ata are the best examples of these, both having also expanded into Estonia. Similarly, expansions of eastern species inside Finland are often later reflected as discoveries of species new to Sweden, e.g. Apiacera praeformata , and Eulithis pyropata .
As expected, Autographa mandarina was detected in Estonia about the same time (Tartu 1973) as in Finland, later spreading through the Estonian mainland during 1981 . Three species expanding in Finland have probably spread from the northwest into Estonia: Mesoligia literosa was first found in 1977 and Campaea margaritata in 1995, both in western Estonia, although the latter may have spread from the south, and Peribatodes secundarius was discovered at Saaremaa in 1996 (several specimens). Many species recently expansive in Finland increased in numbers in Estonia and Latvia during the 1960s and 1970s: Orthosia munda and miniosa, Xanthia aurago and gilvago, Agrochola macilentus, Apamea scolopacina and ophiogramma (Viidalepp 1970 , Sulcs et al. 1981 .
Some of the species clearly expansive in Finland, such as Habrosyne pyritoides, Chloroclysta siterata, Agriopis aurantiaria and Lithophone ornitopus are not reported from the Leningrad Area by Derzhavets et al. (1986) . The presence of three autumn species among these points towards less effective sampling in that area. Apamea scolopacina was found in Petrodvorets, 20 km east of Leningrad, for the first time in the years 1979 and 1981, and Lacanobia splendens in Beloostrov, 20 km northwest of Leningrad, in 1973. One of the geographically widest expansions is that of Eupithecia sinuosaria: the second phase of the expansion has led to invasion into Switzerland and northern Italy (Rezbanyai-Reser 1989).
Changes in microlepidopterous fauna
As the query did not produce results comparable with the macros, a brief report is given based mainly on discussions with some specialists (on the hepialids on my own file).
The areal changes of hepialids are well known. Hepialus humuli (Linnaeus) is one of the few lepidopterans that spread to Finland both from the southwest and southeast. Tengstrom (1869) knew it both from the Aland Islands and from Southern Karelia. Clayhills (1957) , however, reported the species from the central parts of province U, namely from Helsinki and Espoo (an importation?). In a 1962 supplement he added three communes, two of them from the west and east, and in 1967 and EJ, NWZ, SJ, Oisco/oxia blomeri (Curt.) S: Urr80, Vs, 0/, Ds, So, Cepphis advenaria (Hb.) S: Vr-80, Or, Ennomos autumnarius (Wern.) S: Vs-77, Autographa mandarina (Fr.) Amphipyra perflua (F.)
Apamea sco/opacina (Esp.) Agrochola macilentus (Hb.) S: New Up-80 , Sm, So, NWZ, S: Those microlepidopterans in decline constitute relatively clear ecological groups. Many anthropophilous moths have decreased: the tineid Trichophaga tapetzella (Linnaeus) , feeding e.g. on eider down, has probably disappeared and the pyralid Pyralis lienigialis (Zeller) and the oecophorine Endrosis sarcitrella (Linnaeus) living mainly in cow sheds are declining. The host plants of some species have declined; thus, the oecophorine Agonopterix laterella (D. & S.), feeding on Centaurea cyanea, is considered extinct in the country, and the tortricid Cydia discretana (Wocke), feeding on Humulus, is declining. Of the many declining species living in meadows the following should be mentioned: the adelid Nemophora cupriacella (Hi.ibner) and the pyralid Diasemia reticularis (Linnaeus) 
Discussion
This is probably the last survey of population changes of Finnish Lepidoptera based on a query and on literature data. Both night-flying macrolepidopterous moths and butterflies are at present monitored yearly (SOderman et al. 1995 , Marttila & Saarinen 1996 , and thus, future reports may appear on a more numerical basis. Irrespective of the monitoring programmes, the present article provides proof of the permanent value of longterm collecting in the same locality combined with thorough notations.
Expansive and fluctuant species
Results on the re-examination of the so-called expansive and fluctuant species of Kaisila ( 1962) dispute this division, which appears to be based on a historical aspect rather than on a biological difference. When a certain species has invaded an area in the north, it is there, i.e. it can no longer perform an expansion (in the strict sense) to the same area and supposedly will become a more or less fluctuant species. Actually, such species may have visited the country many times before the first historically observed expansion. The other extreme is formed by species of which the yearly fluctuations (in abundance or distribution) do not differ from those of the species of the local fauna; therefore, some of the latter may be relatively recent expansion species.
Comparison of the observational history of the night-flying vs. day-flying migrants indicated the difficulties in separating spreading of the species from the development of collecting efficiency and methods. The day-flying migrants have been observed in Finland around fifty years earlier than corresponding night-flying species. In many cases a seemingly even progression, an "expansion", is nothing more than the technical speed at which the species was observed; e.g. in the 19th century, Finnish inland areas were much more poorly sampled than the coastal areas (Kaisila 1962) . The observational history of a less frequent but old species may thus appear as a northward progression.
Those species questionably included by Kaisila (1962) as expansive species, particularly anumber of noctuids from the second half of the 1800s, act as a background noise in his study. A sharper signal, i.e. better discrimination of true expansions, would probably have rendered the effect of the ikosaionic climate change more clear. The recent material is basically different, because appearance of a new species is usually preceded by a significant number of empty years, often decades, at the same locality.
The spatial synchrony
The present data reveal that the population trends of Lepidoptera show spatial synchrony over a scale of at least 100-300 km (Fig. 1) . The finds from the provincial belts V-EK and St-ES have mainly been spaced about 100 km apart. The positive trends in these belts lead to new provincial finds north of the belts, about 300 km from the southern coast.
In Finland, corresponding or even wider spatial synchrony has previously been documented at least in microtine rodents (e.g. Heikkila et al. 1994) and in tetraonid birds (Lindstrom 1994) . From elsewhere, moths and aphids, many butterflies and carabid beetles as well as a crab species can be added (Hanski & Woiwod 1993 and references therein). Pollard (1991) observed that the local factors have little influence compared with the widespread factors, and Pollard et al. (1993) estimated that the synchrony may extend from Britain as far as the Netherlands. Recently, Sutcliffe et al. (1996) have analysed local and regional synchrony in British butterflies and noted that regional synchrony declines very slowly with distance.
As concluded in the above studies, the synchrony is supposedly caused by spatially correlated climatic conditions. Proof of action of such widespread factors is constituted by the fact that local moth faunas tend to vary as synchronous components related to the overwintering stage (Marttila 1991 , Bruun 1992 . As these are composed of taxonomically nonrelated subcomponents, it can be concluded that the variation must be caused by hibernation conditions.
The new provincial finds indicate that the positive population trends are correlated with increased mobility (migration), something that could not be shown in the earlier studies. The synchrony itself can hardly be explained by migration but, rather, the positive trends cause mobility. The expansion may occur through increased individual numbers, thus based on a statistical probability, or through increased mobility, or both. The new finds can hardly be explained simply by higher population densities in the province in question, since: (1) they are usually preceded by decades of negative observation, (2) they are often accompanied by further finds in the near future, indicating colonization, and (3) they are correlated with a general northward spreading of the species. Hanski and Woiwod (1993) observed that the geometrids were less synchronized at long distances than the noctuids. This is hardly the case in the present material, since the most positive trends (the index+ 6 or more per species) are divided between noctuids and geometrids in the ratio 20 : 20; the per species rate of new provincial finds is, surprisingly, higher in the geometrids than in the noctuids (see Section 3.1.).
Past and present faunal changes in Finland
During the late 20th century, the lepidopterous fauna of Finland appears to be undergoing a dynamic phase in which it is probably affected by environmental changes and by local aspects of global climate change (Fig. 2) . At least two species new to Finland have arrived from the southwest in the period 1961-1996, and 8 other southwestern species are spreading to or are already in the continent (thus 2/8 species; the new subspecies Chloroclystis v-ata v-ata not included). Six new and 5 earlier species are expanding their areas from the south (6/5), while from the southeast and east, 7 new species (3 now relatively stable) and 3 older species are spreading (7 /3). Simultaneous, recent expansions of about 30 macrolepidopterous species are going on, and from Kaisila' s (1962) species pool, about 40 expansive species (including those with values of+ 6 or more) must be added. Thus, about 70 species at present show signs of expansion.
We have neither standards nor materials for comparison about how many species should be spreading at any particular time. One possibility . , .. _ . . of tracing for a faunal balance is to also count the declining species. The difficulty is that the rare/ declining species are not included in a query with the same probability as those increasing. Therefore the species included in the classes Extinct, Endangered, Vulnerable or In need of monitoring/declining in the Finnish Red Data Book (Rassi et al. 1992) but not present in the query (Tables  2-5) , are added to those declining; 21 such species exist. The tables have 30 species with values of-6 or lower, so there would be a total of 50 declining species, which is well below the 70 expanding species.
The 10-year totals of new provincial finds (Tables 2-5) supposedly describe some historical trends in the fauna. The new finds are divided into different decades as follows: the 1960s 45 , 1970s 44, 1980s 44 and 1990s 34 . Unexpectedly, the climatic advantageousness of the first half of the 1970s is not evident in these numbers. All the earlier decades show an average of about 4.5 finds per year but that of the 1990s is 5.67 per year. Thus, with even speed in the 1990s 57 new finds would be obtained. The high number of the 1990s is mainly caused by Kaisila's species pool (compared with Table 5 : 20114). It is difficult to determine whether the rise is real, i.e. a consequence of climatic change, or artificial, i.e. caused by increasing collecting efficiency.
A similar test can be made with species new to Finland (Table 6) : the 1960s 30, 1970s 25, 1980s 12 and 1990s 13. The corrected number for the 1990s is 22, showing that the 1990s again have a substantial increase over the previous decade. The possibility should be considered, however, that the pool of potential species may be diminishing. Svensson (1977) considered it self-evident that "it will be difficult to reach ten new species in the next decade because it can be assumed that there are very few local species left to be discovered". On the other hand, the increasing efficiency of collecting methods, particularly those utilizing automatic traps, is expected to reveal increasingly the migrants and especially the casual immigrants, i.e. the often wind borne specimens of species that never gain a foothold in the country. If the moreor-less resident species (symbols R, S, E, F) are removed, the ten-year figures are 15, 13,9 and 13 (3 of these may already be resident, f? in Table 6 ). The high figure of the 1960s may remain a reflection of the beginning phase of light-catching, but otherwise the 1990s are the most outstanding.
The environmental change that might have caused the most increases is the so-called BushFinland syndrome, a widespread decrease of open habitats and afforestation, as evidenced in Tables  2-5 . If we choose 35 of the most increased species, 19 (54.3%) of these prefer trees and bushes as larval host plants, whereas 14 ( 40%) feed mainly on grasses (two are very polyphagous); on the other hand, of27 declining species only 5 (18.5%) feed on trees and bushes and 22 (81 .5%) on grasses (including woody shrubs; the difference is significant, Fisher's exact test: P = 0.003). Thus, the treeand bush-feeding species fare better in presentday Finland than the grass-feeding species. The decreasing species appear to be more stenotopic than the invaders and, therefore, more sensitive to habitat changes.
Host plant quality may be partly correlated with the population trends in various lepidopterous groups (cf. also the microlepidoptera above): only one geometrid is included in the declining species, Cyclophora pendularia, but 17 are included in the increasing species. The expansive geometrids appear not to belong to any particular distribution type (cf. grouping by Sulcs & Viidalepp 1972) . On the other hand, in the increasing species no butterflies are present (Araschnia Ievana and some others are not represented in the query), but 8 of them are present in the declining species. Two environmental reasons are evident for the declines: the draining of peatlands (2 species in the query) as well as overgrowth and change of meadows (6 species).
The decline of butterflies has been a general phenomenon in Finland and probably in the whole of Central and NmthemEurope (cf. Urbahn 1973); Krogerus (1989) observed that in southwestern Finland the mean of summer totals of butterfly species for the period 1958-1972 was 43, but for the period 1973-1987 it was 33. Marttila et al. (1990) estimated that nearly half our resident butterfly species are declining or threatened. During the 1990s, the butterflies may again have fared better, e.g. Apatura iris has, at least temporarily, returned to Finland.
In the background, many declining species supposedly display the so-called metapopulation dynamics, studied in Finnish butterflies by Hanski et al. (1994 Hanski et al. ( , 1995 . In night-active moths, particularly the fast-flying noctuids, this type of population structure is not equally probable, although it may be attained, e.g. in the archipelagoes and where the host plant is growing in isolated patches (Nieminen 1996) . In the present material, Baptria tibiale (Table 5) , Polypogon lunalis (Table 2) and Gynaephora selenitica (Table 3 ) appear to be good candidates for showing metapopulation dynamics.
Where then is the effect of the climatic change (cf. IPCC 1996)? The high rate during the 1990s of new provincial finds and of species new to the country constitute evidence as to the effect of the climatic change, as opposed to an even postglacial spreading. Of course, the latter may be accelerated as a consequence of the climatic change.
In the increasing species, a disproportional number of late-autumn and early-spring species occurs (9), whereas only one of these occurs among the declining ones, Orthosia gracilis. As the autumn and spring species are particularly numerous in the extreme western and eastern parts of the Palaearctic Region (Kononenko & Mikkola 1992) , it seems that these species require long, maritime autumn and spring seasons. Since the climatic change has in the northern latitudes primarily affected the winter and spring seasons (IPCC 1996) , the good success of these species could be the first sign of climatic effect at these latitudes, while prevalence of southwestern elements points towards the same direction. Parmesan ( 1996) has shown that in the checkerspot butterfly Euphydryas editha there have been more extinctions among the southern populations than in the north. She emphasizes that "it is the net extinction rate that is of interest in the context of global warming". This trend is not (yet?) visible in the Finnish Lepidoptera, since the declines, several of them observed in northern butterflies, seem rather to be caused by habitat changes.
